This paper proposes a cross-faculty simulation model for authentic learning that bridges the gap between short group-based simulations within the classroom and longer individual placements in professional working contexts. Dissemination of the model is expected to widen the use of authentic learning approaches in higher education (HE). The model is based on a cross-faculty project in which UK HE students acted as professional developers to produce prototype educational games for academic clients from other subject areas. Perceptions about the project were obtained from interviews with project participants. The stakeholders believed the cross-faculty simulation to be a motivating learning experience, whilst identifying possible improvements. To evaluate whether the authenticity of the student-client relationship could be improved, the interview data were compared to four themes for authentic learning described by Rule in 2006. The data supported Rule's themes, whilst highlighting the added value gained from meta-awareness of the simulation as a learning opportunity.
Introduction
This paper describes a cross-faculty learning model within HE that may provide a supportive simulation model for authentic learning. It describes how a simulated client-developer relationship provided a valuable student learning experience; considers a match between students' experiences and theories about authentic learning; and reflects on the benefits and limitations of the proposed model.
In the cross-faculty initiative presented here, students on one course were asked to work with academic staff from other subject areas, on problems of genuine interest for those academic staff. The students acted as professionals in their own subject area, and the academic staff acted as clients for the students. As such the approach is a combination of simulation and problem-based learning, and provides a model for crossfaculty simulation approaches to authentic learning. In the typology of simulations described by Lean, Moizer, Towler, and Abbey (2006) the model fits into the category of interactive role-play.
The initiative was facilitated by the Creative Development Team, who are educational developers within the Learning and Teaching Institute (LTI) at Sheffield Hallam University. The team carry out research and staff development with a focus on academic innovation, and took on responsibility for liaison and evaluation to support this cross-faculty initiative. The initiative is analysed here in relation to theories about *Corresponding author. Email: s.m.diamond@shu.ac.uk authentic learning. Authentic learning has been valued within HE contexts since the 1980s (Rule, 2006) , but as there are still gaps between pedagogic theory and teaching practices (Herrington, Reeves, & Oliver, 2006) , and between university learning experiences and the real-world application of learning (Stein, Isaacs, & Andrews, 2004) , it is useful to share successes in fostering authentic learning. We return to the literature on authentic learning later in the paper.
Ideas about student employability were a driving force in deciding to design a simulated learning experience. Harvey and Locke (2002) recommended that UK HE should continue to embed employability to enhance the curriculum. Various institutions already involve employers in designing, delivering and assessing courses (Cox & King, 2006) ; role-based simulations of work experience are widespread (see for example Hughes [1992] , and Van Ments [1999] ) and often include interaction with professional experts (for example, Arias-Aranda [2007] and ChanLin and Chan [2007] ). Others describe role-playing experiences that can last many weeks (Wheeler, 2006; Vincent & Shepherd, 1998) . However, the simulation model emerging from this initiative appears to exploit a niche between classroom based simulations involving problem-based group-work and individual student placements in the workplace.
The effectiveness of simulation and role-play approaches to learning have been explored elsewhere (DeNeve & Heppner, 1997; Feinstein, Mann, & Corsun, 2002) . Of particular interest are authors exploring the impact of simulation believability (Herrington, Oliver, & Reeves, 2003; Mark, 1999) and discussing whether metareflection and interventions should be used to elicit maximum educational value from simulations (De Freitas, 2006; Wheeler, 2006) . The merits of immersion and metaawareness in learning from simulations are discussed further in this paper.
The simulation design
Groups of final year undergraduate students studying computing visualisation were each asked to create a prototype for a digital game. The student groups acted as professional developer companies to produce prototype educational games for academic clients from other subject areas.
The initiative was envisaged as an exciting opportunity for computing students to experience professional dimensions of their discipline through a highly interactive simulation. The lines of communication in the simulation are shown in Figure 1 . Five academic staff from various subject areas (biomechanics, computer science, criminology, real estate, and teacher education) were invited to play the role of clients who were commissioning game prototypes. The educational developers selected and briefed the academic staff, liaised with them during the project, and helped them to evaluate the progress of the project. At the start of the project, an educational developer met with each academic client to identify and document an educational requirement that could be addressed by a digital game. The documented client ideas were delivered by the liaison team to the course tutors, and the student groups then used the descriptions to select a client with whom to work.
The course tutors did not have a simulated role. As learning facilitators, they initiated the simulation by briefing the students. The briefings for both staff and students focused on the educational benefits for participants.
For 12 weeks, and with minimal intervention, academic clients and student developer companies worked to design an appropriate game and develop a prototype.
The course tutors provided support for skill development as required for each student developer group. Assessment of student work was based on mid-project reviews of the students' planning and design methodologies, their final prototype presentations, and project reports.
Evaluation methodology and questions
A qualitative action research methodology was used to evaluate this complex curriculum intervention. While action research is often thought of as involving a 'spiral' of self-contained self-reflective cycles of planning, acting and reflecting, in reality, it is more likely to be 'fluid, open and responsive' (Kemmis & McTaggart, 2000, p. 563) . The evaluation was carried out by the authors in the spirit of professional, reflective practice, 'curious about the impact of our efforts to improve the quality of student learning' (Macdonald, 2006, p. 12) .
Interviews were carried out with project participants to identify unanticipated difficulties and opportunities arising during the initiative. Semi-structured interviews of approximately 30 minutes were conducted with students, academic staff, and course tutors to capture their experience of the project and audio recordings were made for later analysis. The interviews were carried out by the three liaison team members after the simulation had ended. The interview design aimed to explore key aspects of participation through a series of broad question areas. For example, interviews with the students covered the following topics: project choice; client-developer relationships; communication; group-working; the product; and the use of games in education. A randomised sample of 10 students were contacted from the cohort of 23 students; the seven who attended for interview represented all six student groups. All six academic clients and the course tutor were also interviewed.
In their role of liaison team, the authors were also involved in key project events (project initiation, client-developer meetings, student presentation events, etc.) and met regularly to reflect on the progress of the project, to consider whether intervention was needed and to note possible improvements for future iterations. These experiences of the authors therefore deepened their interpretation of the formal interview data.
The interview data and authors' perceptions implied that the project was successful on various levels, but in particular as a challenging and engaging learning experience. Much of the value of the initiative as a learning opportunity appeared to stem from the 'authenticity' of the process. The following key evaluation questions were therefore identified:
• To what extent does the simulation model exemplify an authentic learning opportunity? • How can the authenticity of the student-client relationship be improved?
Authentic learning
The published literature about authentic learning and simulations provided insight into the success of the simulation, and possible improvements to it.
Some papers are particularly relevant to this initiative, for example, Radinsky and others (1998) explore differences between simulation and participation models of authenticity, whilst Maxwell, Mergendoller, and Bellisimo (2004) argue that a combination of simulation and problem-based learning can enhance active-learning strategies.
In addition, various attempts (Newmann & Wehlage, 1993; Reeves, Herrington, & Oliver, 2002) have been made to summarise the characteristics of authentic learning. However, Rule carried out an analysis of submitted studies on authentic learning and proposed four broad themes of importance to authentic learning: real-world problems; open-ended inquiry and thinking skills; discourse amongst a community of learners; and self-directed learning (Rule, 2006) . These themes provide a useful framework within which to assess the authenticity of the student learning experiences within the simulation and to evaluate the value of the simulation model. This evaluation is described below.
Analysis of authenticity of the simulation
The interview data were categorised according to their relevance to Rule's four themes for authentic learning and the analysis is presented in three parts: factors which contributed to the authenticity of the simulation, those that reduced its authenticity, and additional findings which did not fit within Rule's framework. The analysis is illustrated by representative quotes from student participants (Student 1 -Student 7), academic staff (Academic 1 -Academic 6) and the course tutor (Course Tutor).
Factors contributing to the authenticity of the simulation 1. Real-world problems Many dimensions of the experience contributed to the 'real-worldness' of the experience.
Firstly, the students were motivated by a sense of professional values within the simulation:
One of the best things about it was that it didn't feel like a usual university assignment. It felt more professional and you were keen to get on with it… very valuable. (Student 2) Definitely a good project. For a lot of people they're going to get jobs within this sort of area where they have to go backwards and forwards to clients. I think that's the most useful bit that people are going to take away from this. (Student 6) In acting as professional developers, students experienced the use of negotiation skills to achieve realistic goals:
It did feel kind of realistic as we had to change our ideas. We'd never had that kind of communication with an external client before. (Student 7)
We tried to draw a line: the client really wanted it to be a finished application so that's what she was pushing us to do. But we had to say 'Right that's it, we've got the documentation to do, so that's your lot, sorry!' (Student 3)
The academic clients were external to the computing visualisation course and could relate to the students as independent professionals, with a genuine requirement for a game:
It was very much an equal footing… I was keen for a product but I was relying on them, they were supplying me with this product, this educational game, I couldn't produce it. (Academic 5) I think it is real because what you're saying is, to them, they are the consultants/consulting group and they're doing this to get their degree and that's the same as doing it to get paid for doing it…. As far as the students are concerned, that's real. The great thing about this was that the project ideas were coming from the lecturers [Clients] . They wanted this to be done, so for them it was real as well. (Course Tutor) The professionalism of the students could be surprisingly convincing:
I thought the three I dealt with were very good because they divided their roles up. They had one who was the back-end developer, one who was the front-end developer, and one who was the project manager, minute taker and librarian… and I did feel like a client, especially because they kept me informed. (Academic 2) It was valuable in terms of [my work], of working with students in new ways, and seeing them as experts… it helped build my notion of students as crime prevention consultants, with some module that I'm developing… that they can go and act as consultants for the replica companies. (Academic 5 -in the subject area of criminology)
Open-ended enquiry
In terms of open-ended enquiry, the students were themselves deciding what skills they needed to develop in order to create their prototypes:
I had an hour a week with them, but in the main they didn't need that… the learning was centred around the projects they were doing. (Course Tutor) In addition, students were presented with complex subject areas by their clients, and needed to abstract the key processes from this complexity for the working prototype and decide what might be included in future developments:
They raised -and they were right in a way -that some of that is quite difficult to put into a short game prototype… with something like behaviour, it's not about part-task, you can't do a part-task activity on it, because it's about the whole thing that you do. The prototype focused on a number of different scenarios… . (Academic 3) We only produced a tiny amount of the full idea in the prototype. The actual design is very big and all documented. (Student 1)
Discourse amongst learners
There were opportunities for rich communication in various facets of the project.
The developer groups initiated the communication with their client, and thereafter used a range of communication strategies to clarify the client requirements and communicate their own proposals:
At first we didn't know the subject very well, but as we went along, and we understood the kinds of things we needed to develop, it made it easier to communicate with him. (Student 2) I think the relationship was very good and it worked very well, they liked the idea of working for a client, I think they were quite motivated by that, I think we had some very positive meetings… the whole process I think was very good, they seemed to get a lot out of the communications we had, either face-to-face, by email or sending documents for review; there was a lot of interaction that led to focusing in on the scope of the project. (Academic 4) It was quite beneficial having that communication, and having regular meetings to discuss, which actually improved the idea. (Academic 6) Within developer groups, challenging discussions were encountered in deciding on project roles and planning the game development:
The group had a good spread of skills. We didn't get on that well to begin with 
Choice
The simulation promoted, and depended on, student autonomous behaviours as they directed their own action within a generous learning context. Developer groups had control over which clients to work with:
I think the project worked really well, especially because we were given a choice of projects so we could just pick one as thinking of an idea is the hardest part. (Student 7)
They could also negotiate the genre of game solution they selected:
It was an open framework / not a fully sorted, closed idea. (Student 4) Room for creativity, more options for us to make decisions and come up with ideas. (Student 2) In addition, the students decided which skills and roles they wanted to develop, how much help they sought from tutors, and how they balanced the tight requirements of the prototype with all their ideas and other student commitments:
They were learning without really realising they were learning I think. You know what I mean? There wasn't a sort of didactic sort of 'This is what you're being taught'
[approach]. They were learning to solve the problems that they were coming up against. And doing that in their own time. I think when you get that you know it's going right and I really enjoyed that. (Course Tutor)
Lack of authenticity in the simulation
All the factors mentioned above contributed to the success of the initiative. However there were also problems, and Rule's framework was particularly useful in analysing their causes and how these could be addressed. It seemed that most problems were related to weaknesses in the 'real-worldness' of the simulation. Firstly, as this was the first time the simulation had been run, some student groups and academic staff weren't clear about their role as clients:
The first meeting with the client wasn't very organised, as they didn't know what to do in their role, and we didn't know either. Secondly, the developers weren't able to communicate with the intended end-users for the games (i.e. students of the academic clients):
They [the end-user students] are more important because they are the ones who are going to be using the system. You could get quite a lot of feedback from them. What they wanted to see and what kinds of things they are interested in. So it would have been a good idea to have had that kind of information. (Student 1) Quite a lot of students said they'd like to have been able to get access to [end-user] students. (Course Tutor) Finally, for personal or pragmatic reasons, there were times when students or tutors didn't live up to the opportunities afforded by the simulation design:
Because he was away from Sheffield… we had to come up with an idea of what we should be putting on the game. (Student 1) I was a bit disappointed to be honest. I didn't feel like I was being treated like a client. It was 'this person is here to provide us with information'. (Academic 1)
We were asked to assign roles… I don't think they bore much relevance to what actually happened. I suppose in an actual job you'd have roles, but then I suppose that someone who was in charge of Flash would be quite good at Flash [not learning it]. (Student 5) Meta-awareness of authenticity: an additional factor which did not fit Rule's model Participants tended to balance their in-role behaviours with meta-awareness of the simulation's basis as learning opportunity.
Both academic clients and students were mindful that the latter needed to meet the external requirements of assignment submission as well as the client requirements within the simulation:
One of my group members was more keen on missing out a few of the problems that were actually there and I was saying 'No, this is good to write about in our report'… .We were on the verge of spending too much time on development. (Student 2)
The top priority out of all this was the visualisation students' assignment. What I got out of it as a client was bottom of the list. What [the liaison team] got out of it for research purposes was secondary. The students, the developers themselves, and their marks was the most important thing [sic] . (Academic 2) I'm sure they saw me as the client they were developing the project for. It's just that I perhaps was less critical than I might have been if I really were a client. Because I was aware that they had to get this thing done in eight weeks. (Academic 3)
The academic clients accepted that the students were, by definition, learning on the job and might make unprofessional mistakes:
She was fine, she respected the fact that we are not a real life company but we're there for the learning aspect. (Student 3) Lastly, some of the motivation for engagement in the project is external to the simulation, as the students weren't driven by financial rewards, but by accreditation:
OK, their life didn't depend upon it in terms of money but they did depend upon [the project] in terms of their performance for their degree. (Course Tutor) Discussion Rule's framework was useful for analysing the strengths and weaknesses of the simulation model, even though the real-world problems were simulated rather than genuine. The evaluation showed that the simulation provided a good opportunity for authentic learning, but could be improved, as discussed below.
Strengthening authenticity
Many problems identified as weaknesses in the 'real-worldness' of the simulation were due to our inexperience as simulation facilitators. The simulation has been run again with the following improvements: to improve role clarity, academic clients were provided with a detailed briefing describing the requirements of their role; to strengthen the authenticity of the client presence, the academic clients were asked to provide focus groups composed of representative end-user students; to maintain believability in the simulated relationships, the academic clients were briefed to behave as clients, and never as tutors; and, finally, to introduce a driver beyond the student assessment, a prize of a development budget was awarded to the prototype with the best chance of being completed as a working game.
Immersion and meta-awareness
The extended use of simulated roles in this model merits particular attention. As noted in the introduction, it is important that an educational simulation is believable to the students. In this simulation it was beneficial for students to interact with their clients with professional confidence, and for academic clients to avoid tutoring the students. This proved to be difficult for both roles.
Although the academic clients had a genuine need for the commissioned games and had no responsibility for these unknown students, their training and habits might have led them to assume authority over the students or to assist their progress as learners. The pretence was possibly more difficult for the students playing the developers as they had to adopt new attributes of authority and professionalism at their first meeting with the client, and their confidence took time to catch up. The length of the simulation assisted the development of students' confidence, but academic clients and students still had to work together to reinforce the believability of their roles and the authenticity of the simulated client-developer relationship.
However, there is a tension between this emphasis on immersion, and the importance of participants' meta-awareness of the simulation as a learning opportunity. In the context of this model, meta-awareness allows the forgiveness of unprofessional mistakes, and allows the simulation to be consciously suspended when tutor intervention is necessary, or when ongoing learning is being processed by the students. Also if students are consciously aware of switching into role when they engage with the project, they may have greater confidence in playing their simulated roles. Hence in the educational context, participants should balance immersion within simulations with some meta-awareness of their roles as learners and learning facilitators. This can help to lower risks for the students, and maximise their learning.
Transferability
How transferable is the model to other contexts? Given that the academic clients were from a range of subject areas, the approach of designing a digital game may well be applicable to many additional subject areas. However, the approach need not be limited to game design, and transferability is more likely to be limited by the type of service that a student group could genuinely offer diverse academic clients. The model should be applicable to any subject in which students could provide professional or semi-professional services to students or staff from other disciplines. The level of support required for students must be judged according to the capacities and competencies of each cohort.
One obvious question in considering the transferability of this model to other contexts is whether the liaison role is really necessary. One of the course tutors said, 'How would I do it [without the liaison group]? I would have to email everybody and ask if you've got some nice projects you'd like to run. I might get one or two answers if I'm lucky…'. In this project the educational development liaison team was able to exploit an existing network of academic staff contacts to identify possible participants. However, this brokering role could probably be handled by an electronic system if such cross-faculty initiatives become more common.
Conclusions
A supportive cross-faculty simulation model for authentic learning Rule's themes for authentic learning provided an effective framework for analysing the experience of stakeholders participating in this cross-faculty learning initiative and we can conclude that this cross-faculty simulation model was effective in providing students with an authentic learning opportunity for developing professional competence. The model combines elements of group and problem-based learning via simulated role-play in a low risk, but supportive environment.
Two findings are important: it is valuable for participants to have sufficient belief and confidence in playing their role, and also to retain some awareness of simulation as a learning opportunity. If these conditions are met, the extended nature of this simulation model effectively bridges the gap between short group-based simulations within the classroom and longer individual placements in professional working contexts. We hope that others can adopt this cross-faculty model of facilitating relationships between students and academic clients as a way to create authentic learning experiences for students.
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